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EXECUTIVE  SUMMARY 


Since  establishing  the  Energy  Conservation  Investment  Program  (ECIP)  in 
1977,  the  Department  of  Defense  has  expended  about  $750  million  on  projects 
proposed  by  installations  to  conserve  utility  energy.  Each  proposed  project 
was  analyzed  to  determine  such  measures  as  life  cycle  cost  (LCC) ,  savings  to 
investment  ratio  (SIR),  energy  savings  to  capital  cost  ratio  (E/C),  and  then 
ranked  against  all  "competing"  energy  conservation  projects  to  develop  funding 
priority.  Rigor  in  analysis  and  ranking  was  not  critical  because  the  funds 
required  and  the  funds  available  were  approximately  equal. 

Two  factors  have  arisen  that  make  more  rigorous  analysis  and  more  careful 
ranking  necessary.  First,  the  sum  of  estimated  costs  of  all  proposed  projects 
exceeds  the  funding  available.  Second,  the  Federal  Energy  Management  Program 
(FEMP)  requires  all  executive  agencies  to  use  the  more  demanding  LCC  analysis 
technique  promulgated  by  the  Department  of  Energy  (DoE)  to  determine  which 
projects  are  to  be  funded.  Thus,  DoD  must  incorporate  this  method  into  its 
ECIP  project  selection  technique. 

We  have  developed  for  use  in  ECIP  an  improved  financial  analysis  method-- 
IFAM--which  fulfills  all  the  FEMP  requirements.  IFAM  employs  a  microcomputer 
with  user-friendly  software  to  analyze  and  rank  projects.  Inputs  to  IFAM  are 
both  general — GNP  deflators,  DOE  energy  cost  escalation  rates,  OMB-authorized 
federal  discount  rate,  etc. — and  project-specific--estimated  capital  and 
operational  cash  flow,  schedules,  local  utility  energy  costs,  etc.  Only  the 
project-specific  inputs  are  required  from  the  proposing  installation. 
Analysis  takes  place  at  a  center  where  general  and  project-specific  inputs  are 
entered  on  an  electronic  ledger  "spread  sheet."  Using  IFAM,  the  analysis 
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center  produces  a  most  likely  value  for  financial  measures  of  interest--LCC, 
SIR,  E/C,  etc. --and  ranks  competing  projects  by  the  desired  measures.  A 
sensitivity  analysis  and  an  uncertainty  analysis  capability  are  embedded  in 
the  IFAM  software. 

We  recomnend  that  the  Deputy  Assistant  Secretary  of  Defense  (Instal¬ 
lations)  enlist  the  cooperation  of  the  Military  Departments  in  a  pilot  test  of 
IFAM  in  the  next  available  ECIP  cycle.  If  that  test  proves  IFAM  to  be  an 
effective  ECIP  analysis  tool,  we  recommend  that  it  be  used  for  all  ECIP 
analyses  and  that  it  be  considered  as  a  financial  analysis  method  in  other  DoD 
construction-related  programs. 
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1.  INTRODUCTION 


Department  of  Defense  (DoD)  installation  energy  costs  are  growing  in  real 
terms,  and  the  future  rate  of  that  growth  has  become  increasingly  uncertain. 
Economic  analyses  of  prospective  installation  projects  have  thus  become 
mandatory  and  more  complex.  When  projects  consume  substantial  amounts  of 
energy  during  their  lifetimes  or  when  they  conserve  or  shift  energy  sources, 
the  combined  effects  of  inflation  and  energy  price  escalation  make  future 
costs  used  in  these  analyses  more  uncertain.  Planning  for  new  or  replacement 
facilities  must  take  into  account  uncertain  future  costs,  as  well  as  initial 
acquisition  costs. 

This  report  presents  a  method  for  performing  economic  analysis  of  pro¬ 
posed  facility  energy  projects  under  the  DoD's  Energy  Conservation  Investment 
Program  (ECIP) . 

LIFE  CYCLE  COST 

As  indicated  in  Table  1-1,  the  relative  percentages  of  the  construction 
and  operational  phases  of  a  system's  Life  Cycle  Cost  (LCC)  vary  widely,  but  in 
general  over  one-half  of  a  system's  LCC  occurs  in  the  operational  phase.  Thus, 
an  economic  analysis  of  a  proposed  project  will  be  meaningful  only  if  acquisi¬ 
tion  and  ownership  cost  calculations  are  accurate  and  complete. 

TABLE  1-1.  FACILITY  LIFE  CYCLE  COSTS 


Construction  .  28-54% 

Operation  and  Maintenance  .  45-60% 

Replacement  and  Modernization  .  .  .  5-10% 

Salvage  and  Disposal . 0-1% 


Source:  Dienemann,  P.F.,  "Life  Cycle  Cost  Analysis  Methodology 
for  Construction  Projects."  F.  R.  Harris,  Inc.,  report 
for  Royal  Commission  of  Saudi  Arabia,  Contract  No. 
SGC-02-1397,  October  1978. 
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LCC  analysis  should  be  performed  when  any  construction,  refurbishment  or 
energy  conservation  project  meets  one  or  more  of  the  following  conditions:* 

-  the  anticipated  energy  costs  of  the  facility,  system,  or 
purchase  are  expected  to  be  large  throughout  its  life; 

-  the  facility,  system,  or  purchase  has  a  long,  physical  life¬ 
time; 

-  the  increased  efficiency  of  maintenance  will  have  a  signi¬ 
ficant  impact  on  overall  costs; 

-  the  investment  is  large; 

-  the  post-purchase  costs  are  significant. 

Six  steps  generally  are  recognized  in  the  economic  analysis  of  a  proposed 
energy  investment: 

1.  Identify  alternative  approaches  to  achieve  objective. 

2.  Establish  a  common  time  basis  for  costs  and  study  period. 

3.  Identify  and  estimate  benefits  and  costs. 

4.  Convert  cash  flows  to  a  common  time. 

5.  Compare  alternatives  based  on  relative  economic  efficien¬ 
cies. 

6.  Perform  risk  and/or  sensitivity  analysis. 

The  method  presented  in  this  report  covers  all  steps  of  the  analysis 
except  the  first.  Once  the  engineering  alternatives  are  established,  the 
method  will  either  facilitate  or  directly  perform  the  remaining  steps. 

ENERGY  MANAGEMENT  IN  THE  FEDERAL  GOVERNMENT 


Federal  Energy  Management  Program 

The  Department  of  Energy  (DOE)  is  responsible  for  establishing 
energy  conservation  regulations  and  monitoring  the  energy  conservation 
performance  for  all  executive  agencies,  in  accordance  with  public  law  and 


*Brown,  R.  J.  and  Yanuck,  R.  R.,  Life  Cycle  Costing  A  Practical  Guide  for 
Energy  Managers.  The  Fairmount  Press,  Inc.,  Atlanta,  Ga.,  1980. 
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executive  order.  One  aspect  of  this  responsibility  is  to  provide  a  common 
method  of  analysis  and  comparison  of  the  life  cycle  capital  and  operating 
costs  of  federal  energy  conservation  and  renewable  energy  projects.  The  "Life 
Cycle  Cost  Manual  for  the  Federal  Energy  Management  Program"  was  promulgated 
in  December  1980  as  National  Bureau  of  Standards  (NBS)  Handbook  135  by  the 
Department  of  Commerce.  It  was  incorporated  into  the  Code  of  Federal 

3 

Regulations  in  November  1981.  The  regulation  requires  the  FEMP  LCC  analysis 
method  to  be  used  to  estimate: 

-  Whether  retrofitting  an  alternative  system  to  an 
existing  Federal  building  is  cost-effective  and  tends 
to  minimize  the  life  cycle  cost  of  that  building; 

-  Relative  cost-effectiveness  of  retrofit  investments  in 
buildings ; 

-  Whether  an  alternative  design  for  a  new  Federal 
building  will  minimize  the  life  cycle  cost  of  that 
building; 

-  Payback  time  for  solar  demonstration  projects; 

-  Present  value  of  net  benefits  or  excess  costs  of  a 
solar  demonstration  project  compared  to  a  substitute 
conventional  non-solar  alternative  building  system  in 
an  existing  Federal  building  or  in  the  design  of  a  new 
Federal  building. 

Energy  Conservation  Investment  Program 

The  Department  of  Defense  established  ECIP  in  March  1977  as  its 
primary  program  for  achieving  the  energy  reduction  goals  for  existing 
facilities  which  were  established  by  Executive  Order  12003.  It  is  a  Military 
Construction  (MILCON)  funded  program  for  retrofitting  existing  DoD  facilities 
to  make  them  more  energy  efficient.  The  program  has  expanded  to  include  such 


2 

Section  381(a)(2)  of  the  Energy  Policy  and  Conservation  Act,  as  amended, 
42  U.S.C.  6361(a)(2);  Section  10  of  Executive  Order  11912,  as  amended;  Title  V 
of  the  National  Energy  Conservation  Policy  Act,  92  Stat.  3275. 

3 

Subparc  *.  Pa  436,  Title  10,  Code  of  Federal  Regulations. 
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projects  as  renewable  energy  sources  and  cogeneration.  The  ECIP  program  has 
been  effective  in  accomplishing  energy  conservation  measures  that  would  not 
have  been  funded  through  Base  Operating  Support  funds. 

Through  FY  1981,  the  Military  Departments  spent  approximately  $750 
million  for  energy  conservation  improvements  under  ECIP,  as  detailed  in  Table 
1-2.  During  that  period,  the  estimated  cost  of  proposed  projects  and  the 
funds  available  were  approximately  equal.  Therefore,  although  projects  were 
ranked  for  order  of  accomplishment,  the  ranking  was  not  critical.  Beginning 
in  FY  1982,  however,  a  backlog  of  unfunded  projects  developed  and  ranking 
became  more  significant. 

TABLE  1-2.  ECIP  PROJECTS  FUNDING 
(Millions  of  Dollars) 


FISCAL  YEAR 

ARMY 

NAVY 

AIR  FORCE 

TOTAL 

FY76 

30.4 

28.8 

44.0 

103.2 

FY77 

60.1 

52.5 

28.1 

140.7 

FY78 

15.6 

26.1 

31.6 

73.3 

FY79 

52.7 

42.9 

35.0 

130.6 

FY80 

45.0 

46.7 

32.2 

123.9 

FY81 

67.4 

53.0 

45.2 

165.6 

TOTAL 

271.2 

250.0 

216.1 

737.3 

The  analysis  scheme  for  ECIP  projects,  in  existence  since  the  pro¬ 
gram's  inception,  is  different  from  the  LCC  analysis  methods  now  required  by 
the  FEMP.  It  is  a  simple  system,  ignoring  some  elements  of  a  project's  life 
cycle  cost.  In  keeping  with  the  national  policy  of  the  late  1970's,  it 
emphasizes  energy  (Btu)  savings.  A  comparison  of  FEMP  and  ECIP  project¬ 
ranking  guidelines  is  shown  in  Table  1-3. 

As  Table  1-3  suggests,  the  FEMP  LCC  analysis  is  a  complete  economic 
analysis  and  project  ranking  method.  It  can  be  applied  not  only  to  energy 
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TABLE  1-3.  COMPARISON  OF  ECIP  AND  FEMP  GUIDELINES 


Required  far  all  energy  related  cons true cion. 


All  projects  muse  be  LCC  cost-effective. 
All  LCC  cote  parameters  arc  included. 
Based  on  a  savings- to- Investment  ratio 

(sia>  >1.0 


Retrofit  projects  ranked  by  SCR.  Saw 
construction  ranked  by  LCC.  Solar 
projects  ranked  partially  by  net  LCC, 
payback,  and  SIR. 


All  annual  cash  flows  are  estimated 
In  constant  dollars  as  of  the  date  of 
study.  Ease  year  is  fiscal  year  of 
study. 


Seven  percent  "real"  discount  rate 
aust  be  used. 

-ntii  marginal  utiliey  prices  become 
available,  project  investment  costs 
occur  at  the  beginning  of  the  base 
year  and  must  be  adjusted  downward  10 
percent  to  reflect  benefits  to  society. 

Energy  conversion  factors  are  ’’boundary 
purenaae  prices",  i.e.,  3412  Btu/kWh  for 
electricity. 


”se  actual  base  year  fuel  prices  if 
available  or  use  DOE  prices.  Tima-of- 
day  pricing  and  projected  escalation 
rates  may  be  used  If  provided  by  supplier. 

"On-site  generated"  electricity  prices 
are  the  higher  of  actual  local  purchased 
electricity  or  the  price  of  input  fuel 
plus  generation  and  distribution  lossas. 
"On-sice  generated"  steam  and  hot  water 
price  is  the  price  of  input  fuel  and 
generation  distribution  costs. 

DOE- provided  differential  escala¬ 
tion  races  must  be  applied  to  base 
year  fuel  costs  for  pro j action  of 
future  prices. 


Equivalent  study  period  of  autually- 
excluslve  projects  is  lesser  of  25 
years  or  least  common  multiple  of  the 
estimated  lifetimes  of  the  system  alter¬ 
natives.  For  non-mu tuaily  exclusive 
retrofit  projects,  use  the  estimated 
life  of  each  system  up  to  25  years. 

For  multiple  proposed  projects  within 
a  building  or  9yscea,  use  an  Iterative 
SIR  and  LCC  method  to  eliminate  over- 
estiaaclon  of  energy  and  dollar 
avoidance. 

LCC  rule  does  not  specifically  require 
sensitivity  or  probability  analysis, 
but  FEMP  manual  recommends  and  0MB 
Circular  A- 94  requires  it  "if  there 
is  a  reasonable  basis  to  estioace  tha 
variability  of  future  coat  a  and 
benefits." 


Required  for  only  "capital  Intensive" 
retrofit  projects. 

All  projects  aust  be  cost-effective. 
LCC  coat  parameters  not  included  or 
used  differently  are  design,  initial 
&  terminal  salvage,  and  replacement 
costs.  Based  on  a  'simplified"  dis¬ 
counted  energy  savings- co-coe t  ratio 
(E/C)  >  1.0. 

Retrofit  projects  ranked  by  E/C  (un¬ 
discounted  construction  working 
estimate  (CWE) ,  first  operating  year 
energy  savings  only) .  Saw  construc- 
and  solar  not  applicable  to  ECIP. 

Annual  cash  flows  ara  «s tiaaced  in 
constenc  dollars  as  of  tha  end  of  the 
program  (day  #1  of  execution  year) 
by  use  of  short-term  escalation  fac¬ 
tors  for  all  cost  and  savings  cate¬ 
gories.  Base  year  is  exacutlon  year. 

Ian  parcenc  "real"  discount  race  must 
be  used. 

Mo  mention  of  marginal  pricing  or 
benefits- co-society  adjustments. 
Investment  costs  occur  at  the  be¬ 
ginning  of  the  execution  year. 


Some  energy  conversion  factors  are 
dlfferant  from  thosa  in  FEMP.  Speci¬ 
fically,  tha  convarslon  for  elec- 
tricicy  is  11, 600  Btu/kWh  for  on- 
sita  and  "boundary  purchased"  elec¬ 
tricity  (for  use  only  in  the  S/C 
calculation) . 

Use  actual  base  year  (escalated  to 
execution  year)  prices  for  fuel. 

Mo  ciae-of-day  pricing  mentioned. 


Price  for  electricity  or  steam  pur¬ 
chased  from  an-site  sources  is  the 
actual  average  gross  energy  input 
to  che  generating  plant  plus  dis¬ 
tribution  losses. 


ECIP- pro video  differencial  escalation 
races  may  be  used  or  "where  local  con- 
dlcions  and  experience  indicate  more 
valid  differencial  escalation  races," 
local  values  may  be  used. 

Economic  life  of  all  projects  muse 
noc  exceed  DoD  given  values.  Mo 
mention  of  mutually  or  aon-aucually 
exclusive  projects. 


For  sulclple  proposed  projects  within 
a  building  or  system,  "care  aust  be 
exercised  by  the  analyst"  to  assure 
thee  projected  energy  savings  art 
noc  duplicative. 

ECI?  does  noc  mtnclon  sensitivity 
analysis  but  D0D1  704 l. 3  requires 
risk. uncertainty  analysis  (cost 
ranges  for  estimates). 
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conservation  retrofit  projects,  but  also  to  new  construction,  operations  and 
maintenance,  and  alternate  energy  projects.  It  does  not  include,  however,  the 
means  to  assess  economic  risk. 

We  propose  remedying  that  deficiency  by  building  into  the  basic  FEMP 
LCC  methodology  a  capability  for  assessing  cost  uncertainty.  The  resulting 
enhanced  methodology,  which  we  describe  in  the  rest  of  this  report,  would  then 
be  suitable  for  financial  evaluation  of  candidate  projects  for  ECIP  and  other 
construction-related  programs. 
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2.  AN  IMPROVED  LIFE  CYCLE  COST  ANALYSIS  METHOD 


Our  improved  financial  analysis  method  (IFAM)  permits  proposed  energy 
projects  to  be  ranked  by  their  expected  life  cycle  cost  values  and  the 
uncertainty  surrounding  those  values.  It  fulfills  all  requirements  of  the 
FEMP  and  of  DoD  Instruction  7041.3.* 

OVERVIEW 

IFAM  is  designed  to  use  commercially-available ,  user-friendly  micro- 

2 

computer  hardware  and  software.  It  is  envisaged  for  use  at  a  common  analysis 
center,  such  as  a  Military  Department  facility  engineering  headquarters,  a 
major  command,  public  works  center  or  field  engineering  division,  requiring 
only  project-specific  data  to  be  provided  by  installation  personnel.  Figure 
2-1  provides  a  summary  system  flow  chart. 

Two  data  files  are  required,  one  project-specific,  the  other  general. 
Project-specific  data  are  obtained  from  the  proposing  installation.  An 
installation  input  form  is  at  Appendix  A. 

The  general  file  contains  such  data  as  the  discount  rate  designated  by 
the  Office  of  Management  and  Budget  (0MB)  for  use  in  the  financial  analysis  of 
federal  projects,  the  DOE  projection  of  costs  for  electricity  and  fuels  (e.g., 
No.  2  heating  oil,  No.  6  residual  oil)  in  all  DOE  Regions,  the  end-use  energy 
conversion  rates  for  all  fuels,  etc.  These  data  will  be  provided  by  higher 
headquarters . 

^"Economic  Analysis  and  Program  Evaluation  for  Resource  Management,"  DoDI 
7041.3,  October  18,  1972. 

2 

IFAM  was  programmed  using  the  VisiCalc  (VisiCorp)  electronic  ledger 
sheet.  Other  commercial  electronic  ledger  sheet  programs  such  as  SuperCalc 
(Sorcim)  or  MultiPlan  (Microsoft)  can  be  used. 
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FIGURE  2-1  SYSTEM  PLOW  CHART 


The  project-specific  data  are  combined  with  the  general  data  directly  on 
an  electronic  ledger  "spread  sheet"  on  the  computer  monitor  screen.  The 
spread  sheet  is  the  only  display  needed  for  the  LCC  analysis;  IFAM  software 
contains  all  the  analysis  algorithms  which  are  "behind"  the  spread  sheet.  A 
hard  copy  example  of  a  project  LCC  analysis  spread  sheet,  as  performed  by 
IFAM,  is  at  Appendix  B. 

IFAM  calculates  the  most  likely  project  LCC  and  several  other  project 

energy  and  financial  indices,  such  as  savings-to-investment  ratio  (SIR), 

energy  (MBtus)  saved,  etc.  It  also  calculates  a  statistical  measure  of  the 

likelihood  of  the  various  output  indices  being  achieved  and  screens  and  ranks 

3 

all  projects  considered  according  to  desired  indices. 

3 

The  computer  program  listing  is  available  from  the  Deputy  Assistant 
Secretary  of  Defense  (Installations)  in  hard  copy  or  diskette. 


PREPARATION  FOR  ANALYSIS 


For  each  proposed  project,  installation  personnel  must  complete  an  input 
form  (Appendix  A) ,  using  data  from  the  standard  planning  and  estimating 
process  used  for  any  construction  project.  In  addition  to  discrete  estimates 
of  LCC  element  values  and  schedule  milestone  dates,  installation  engineering 
personnel  also  should  provide  high  and  low  values  and  early  and  late  dates  to 
establish  a  practical  range  around  each  cost  and  schedule  estimate.  IFAM  will 
employ  these  ranges  in  the  statistical  analysis  of  economic  uncertainty. 

Visualizing  each  proposed  project's  life  by  a  time  line  similar  to  Figure 
2-2  should  assist  installation  personnel  in  estimating  the  timing  of  project 
cash  flow,  which  is  required  on  the  input  sheet. 

FIGURE  2-2  LCC  CASH  FLOW  TIMELINE 
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The  FEMP  analysis  method  of  NBS  Handbook  135  makes  several  assumptions 
about  the  timing  of  the  date  of  study  (DOS),  design,  investment,  and  annual 
costs  to  simplify  a  complex  analysis  (e.g.  mixing  mid-calendar  year  energy 
projections  with  fiscal  year  cash  flows).  The  assumptions  can  generate 
inaccuracies  in  certain  output  ranking  variables,  but  are  the  only  reasonable 
method  for  use  in  manual  computations.  IFAM  data  processing  algorithms,  using 
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the  actual  DOS  and  projections  of  construction  start  date  and  beneficial 
occupancy  date  (BOD)  can  easily  accommodate  the  cash  flow  timing,  thus  provide 
a  better  estimate  of  a  project’s  LCC,  precluding  the  need  for  simplifying 
assumptions.  Figures  2-3  and  2-4  illustrate  the  difference  between  the  IFAM 
analysis  using  the  actual  MILCON  planning  cycle  and  an  analysis  using  the  NBS 
Handbook  135  assumptions. 

When  the  installation  input  form  is  complete,  it  is  sent  to  an  analysis 
center  for  processing. 

PROPOSED  ANALYSIS  PROCESS 

The  basis  for  the  system  is  an  electronic  ledger  sheet,  or  "spread 
sheet,"  which  incorporates  all  general  and  project-specific  data  in  a  single 
presentation.  The  ledger  sheet  is  visible  to  the  analyst  on  the  cathode  ray 
tube  monitor  of  the  microcomputer.  The  analyst  has  only  to  enter  values  for 
project-specific  data  by  the  microcomputer  keyboard  in  the  appropriate  cells 
of  the  ledger  sheet.  Using  those  data  and  appropriate  items  of  data  from  the 
general  data  file  (previously  built),  IFAM  produces  a  best  estimate  of  the 
project's  LCC. 

When  the  analysis  of  all  competing  projects  has  been  completed,  IFAM  can 
provide  a  ranking  of  projects  according  to  the  desired  parameter(s) .  If  any 
data  are  changed,  either  project-specific  or  general,  entry  of  the  new  data 
will  automatically  and  essentially  instantaneously  change  the  output  LCC 
information  of  affected  projects  and  the  concomitant  ranking  of  all  projects. 
This  capability  not  only  accommodates  actual  changes  in  cost  estimates,  but 
also  allows  the  testing  of  the  sensitivity  of  projects'  LCCs  and  LCC  rankings 
to  changes  in  the  value  of  input  financial  parameters. 
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Sensitivity  analysis  is  a  method  of  measuring  the  responsiveness  of  a 
project's  financial  parameters — LCC,  SIR,  energy  savings  (MBtus  or  dollars)  to 
cost  ratio  (E/C)  etc. --to  a  range  of  values  for  a  selected  or  uncertain  key 
input.  Frequently  called  "what  if"  analysis,  it  allows  the  analyst  to  assess 
the  effect  of  a  change  in  an  input  parameter  on  the  project’s  LCC.  For 
instance,  a  change  in  the  discount  rate  (established  at  7  percent  by  OMB 
Circular  A-94) ,  may  be  under  consideration.  Or  the  planned  opening  or  closing 
of  a  refinery  or  pipeline  may  change  the  projected  fuel  cost  for  installations 
in  a  certain  area.  Or  an  uncertain  economic  outlook  in  an  area  may  bring 
about  a  wide  range  in  the  project's  construction  working  estimate  (CWE).  The 
analyst's  substitution  of  the  proposed  values  for  the  values  used  in  the 
original  analysis  on  the  ledger  sheet  will  trigger  IFAM  to  recalculate  and 
display  the  entire  ledger  sheet  with  the  new  results.  A  change  in  the  value 
of  one  project-specific  input  may  cause  a  change  in  the  ranking  of  that 
project's  LCC  relative  to  that  of  other  projects.  A  change  in  the  value  of  a 
general  input  may  change  the  value,  hence  the  ranking,  of  all  projects'  LCCs. 
IFAM  generates  new  rankings  for  each  change  in  input  data. 

The  analysis  algorithms  of  IFAM  combine  a  standard  "present  value" 
financial  analysis  with  a  statistical  analysis  of  the  economic  uncertainty  of 
a  project.  The  GNP  deflator  and  appropriate  differential  escalation  and  dis¬ 
count  rates  are  applied  to  each  cash  flow  item  of  the  project  time  line  to 
determine  the  present  value  of  the  financial  parameters  --  LCC,  SIR,  E/C, 
etc.  --  associated  with  the  future  cash  flow  of  the  project.  The  economic 
uncertainty  or  risk  analysis  uses  the  ranges  of  schedule  and  dollar  value 
estimates  to  produce  the  most  probable  value  of  LCC  and  a  measure  of  the 
likelihood  of  achieving  that  value. 
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IF  AM  performs  risk  analysis  by  incorporating  a  statistical  approximation 

of  Monte  Carlo  simulation  techniques  combined  with  elements  of  portfolio 

management  theory.  The  basic  tenet  in  this  method  is  that  a  decision  maker, 

given  the  choice  between  two  ECIP  projects  of  equal  SIR  (or  E/C,  or  other 

ranking  index),  would  prefer  the  project  with  the  higher  certainty  of 

achieving  the  computed  SIR  value.  Another  way  of  saying  this  is  that  the 

4  5 

project  with  the  lowest  percentage  variance  would  be  preferred.  ’ 
Conversely,  if  two  projects  have  the  same  percentage  variance  of  the  the 

project  with  the  higher  computed  SIR  would  be  preferred.  Figure  2-5 
illustrates  IFAM's  risk  analysis  technique. 

FIGURE  2-5  STATISTICAL  UNCERTAINTY  ANALYSIS 


«  #  # 

» 

»  ^ 

» 


ENERGY 


©©<!).  «"(©.»  YHJUSE  3-5  1(1  ICI 
INDICATE  INDIVIDUAL  PHOJECTS  DISCUSSED 
IN  TEXT. 

j  *  FNONTIEN  LINE 


*//  «**»  A  ® 

/  m  /  WOOMATI 


'W/x 


CONSCNVAT IV6 

SIR  ” 


Hertz,  D.  B.,  "Risk  Analysis  in  Capital  Investment,"  Harvard  Business 
Review,  January  -  February,  1964. 

SHertz,  D.  B. ,  "Investment  Policies  That  Pay  Off,"  Harvard  Business 
Review,  January  -  February,  1968. 
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The  algorithm  combines  probability  distributions  of  the  inputs  and  calcu¬ 
lates  the  most  likely  mean  and  variance  of  the  outputs.  In  effect,  for  each 
project  the  computer  approximates  the  performance  of  a  Monte  Carlo  simulation 
usiag  randomly  selected  values  of  each  cost  element  from  its  unique  distribu¬ 
tion  curve  of  probable  values.  In  a  Monte  Carlo  simulation,  as  shown  in 
Figure  2-5 (A),  after  1,000  or  more  iterations  of  calculating  discrete  values 
of  the  SIR,  the  mean  and  variance  of  the  resulting  distribution  curve  is 
calculated  for  that  ECIP  project.  The  SIR  mean  is  then  plotted  against  its 
percentage  variance.  The  next  ECIP  project  is  then  simulated  using  its  set  of 
cost  element  distribution  curves ,  and  a  mean  and  percentage  variance  are 
computed  and  plotted  as  before.  After  values  for  all  ECIP  projects  have  been 
plotted,  Figure  2-5(B)  is  obtained. 

Using  the  two  criteria  for  preferred  investments,  i.e.,  high  SIR  and  low 
variance,  projects  to  the  right  and  downward  on  the  normalized  percentage 
variance  versus  SIR  graph  in  Figure  2-5(B)  are  preferred.  For  example, 
project  1  in  Figure  2-5(B)  is  preferred  to  projects  2  or  3  because  it  has  a 
higher  SIR  at  the  same  variance.  Likewise  project  4  is  preferred  to  project  3 
because  at  the  same  SIR  value  it  has  lower  variance  or  a  better  probability  of 
being  achieved.  Consequently,  projects  to  the  right  and  downward  are  pre¬ 
ferred.  A  "frontier"  line  (i)  may  be  drawn  of  the  most  favorable  projects. 

Finally,  Figure  2-5 (C)  can  be  divided  into  three  distinct  management 
deci'sion-making  policy  regions:  conservative,  moderate,  and  risk-taking.  For 
example,  a  risk-taking  management  policy  would  invest  in  a  project  that  had 
the  highest  possible  return  (e.g.,  highest  SIR)  and  accept  a  larger  risk  of 
actually  achieving  that  value.  Conversely,  a  conservative  policy  would  invest 
in  a  project  with  lower  but  more  certain  return  (e.g.,  lower  SIR  value). 
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Also,  screening  criteria  may  be  imposed:  SIR  must  be  greater  than  1.0  or 
variance  must  be  less  than  30  percent  (as  shown  in  Figure  2-5 (C)  by  the  ver¬ 
tical  and  horizontal  lines).  The  "acceptable  area"  (unshaded)  now  includes 
those  projects  meeting  the  screening  and  investment  policy  tests. 

More  than  one  index  (SIR,  LCC,  and  E/C,  for  example)  may  be  simulated, 
plotted,  and  screened.  The  final  acceptable  area  of  projects  will  be  composed 
of  those  projects  contained  in  the  feasible  acceptable  areas  of  all  screens. 

The  mean  value  of  the  index  is  a  more  probable  estimate  than  the  discrete 
value  computed  without  statistical  analysis.  Examples  from  the  literature 
suggest  that  discrete  rates  of  return  on  investment  of  20  percent  would  actu¬ 
ally  be  about  7  percent  after  uncertainty  analysis.  This  reflects  the  higher 
probability  of  achieving  the  7  percent  based  on  the  uncertainty  of  the  inputs. 
Projects  ranked  by  this  "more  probable”  index  will  have  a  more  accurate 
ranking  since  rank  is  based  on  higher  probabilities  of  achievement. 

A  final  question  concerns  the  possibility  of  unrealistic  estimates  pro¬ 
vided  by  the  installation  for  the  low  and  high  values  of  the  cost  elements. 
By  providing  narrow  boundaries  for  each  input  estimate  it  is  possible  to 
artificially  increase  the  weighted  mean  SIR  and  lower  the  variance.  If  this 
becomes  a  problem,  it  may  be  mitigated  by  providing  guidelines  for  setting  the 
low  and  high  values,  or  providing  for  default  values  or  upper  and  lower  limits 
in  the  IFAM  software.  For  example,  if  historical  construction  bidding  cost 
data  for  similar  projects  is  available  by  construction  region,  the  90  percent 
confidence  interval  around  the  mean  low  bid  may  be  determined  and  applied  to 
the  installation's  construction  estimate.  The  range  for  other  large  cost 
drivers  and  savings  values  may  be  determined  in  the  same  way.  The  estimated 
energy  costs  may  similarly  be  bracketed  using  low,  expected,  and  high  values 
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for  the  ranges  of  differential  escalation  rates  provided  by  DOE  or  by 
alternate  forecasts  such  as  those  provided  to  subscribers  by  private  econo¬ 
metric  services  (e.g.,  Data  Resources,  Inc.,  Chase  Econometrics). 
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3.  IMPLEMENTATION  OF  THE  PROPOSED  METHOD 


The  stage  is  well  set  for  implementing  IFAM.  First,  it  takes  advantage 
of  new  microcomputer  hardware  and  software  which  simplify  its  use.  The  method 
simultaneously  improves  rigor  and  accuracy  of  ECIP  project  evaluation  and 
eliminates  the  redundant  manual  calculations  now  needed  for  even  limited 
analysis.  Second,  potential  users  in  appropriate  organizations  of  each  of  the 
Military  Departments  have  contributed  to  and  are  familiar  with  IFAM.1 

We  recommend  the  first  step  of  IFAM  implementation  in  the  DoD  be 
conducted  as  a  trial  --  a  pilot  program. 

The  Deputy  Assistant  Secretary  of  Defense  (Installations)  (DASD(I)) 
should  enlist  the  cooperation  of  the  three  Military  Departments.  One  major 
command  each  in  the  Army  and  Air  Force  and  one  facilities  engineering  division 
headquarters  in  the  Navy  should  be  selected  to  use  IFAM  to  analyze  and  rank 
all  proposed  ECIP  projects  within  its  purview  during  the  next  available  fiscal 
cycle.  Upon  completion  of  the  ECIP  package  submission  for  inclusion  in  the 
MILCON  appropriations ,  the  DASD(I)  should  review  comments  and  recommendations 
from  the  Military  Departments  concerning  the  utility  of  IFAM  and  encourage  the 
DoD-wide  implementation  —  or  retirement  —  of  IFAM  accordingly. 

If  IFAM  proves  beneficial  for  ECIP,  it  should  have  similar  advantage  in 
the  DoD  major  construction  program  and  in  such  other  energy-  and  construction- 
related  programs  as: 

^ECIP-knowledgeable  representatives  of  the  Corps  of  Engineers,  the  Naval 
Facilities  Engineering  Ccwand  and  the  Air  Force  Engineering  and  Services 
Center  have  been  consulted  on  ECIP  during  the  development  <.t  IFAM,  and  have 
received  an  IFAM  demonstration. 
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TABLE  3-1.  DoD  PROGRAMS  IN  WHICH  IF AM 
COULD  BE  USED  BENEFICIALLY 


ALL  MILITARY  SERVICES 


Alternative  Energy  Sources  Programs  (geothermal,  solar,  and  wind) 

Refuse-Derived  Fuel  and  Biomass  Programs 

Facilities  Metering  Program 

Dual  Fuel  and  Coal  Conversion  Programs 

Energy  Conservation  and  Management  Program  (ECAM) 

Maintenance  Programs  (O&M) 

New  Building  Design  and  Construction  Program  (MILCON) 

ARMY 

Energy  Engineering  Analysis  Program  (EEAP) 

Quick  Return  on  Investment  Program  (QRIP) 

Family  Housing  Energy  Conservation 

NAVY  &  MARINE  CORPS 


Energy  Engineering  Program  (EEP) 

Boiler  Tune-Up  Program 

Family  Housing  Conservation  Programs 

Energy  Conservation  Opportunity  Program  (ECOP) 

Federal  Agencies  Substitution  Task  Program  (FAST) 

Reserve  Facilities  Energy  Conservation  Program 

Navy  Exchange  and  Commissary  Conservation  Program 

AIR  FORCE 


Energy  Audits  and  Technical  Surveys  Program 
O&M/Management  Actions  Program 
Colloidal  Boiler  Fuels  Program 

Fluidized-Bed  Combustion  and  Coal  Gasification  Programs 

M-X  Renewable  Energy  Systems  Program 

Power  Systems  and  Resource  Conservation  R&D  Programs 

Terrestrial  Energy  R&D  Programs 

Process  Energy  Use  Analysis  Program 

Process  Equipment  Retrofits  Program 
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APPENDIX  A 

INSTALLATION  INPUT  FORM 


INSTALLATION  INPUT  FORM 


INSTALLATION  INPUT  FORM 
(Cont inued) 


Other  (I 


INSTALLATION  INPUT  FORM 
(Continued) 
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APPENDIX  B 

SAMPLE  PROJECT  LCC  ANALYSIS  SPREAD  SHEET 
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B 

0 

« 

0 

• 

0 

0 

•  0 

0 

0 

9 

• 

0 

0 

• 

• 

0 

0 

0 

0 

0 

•  0 

0 

• 

9 

0 

0 

0 

0 

0 

1 

0 

• 

0 

0 

0  0 

0 

0 

9 

0 

• 

0 

1 

0 

0 

0 

• 

0 

0 

«  0 

0 

0 

0 

0 

• 

0 

PRESENT  VA 

« 

*3737710 

*4777021 

*0010127 

470*34  74 

701239  00 

712104  30 

723177  71  794001  17 

749794  *4 

797377  74 

7*703*  79 

700710  91 

779097. *4 

003327  14 

v 

3720*7.73 

277737.13 

2*0770.31 

230929.19 

23794*. 02 

229490  It 

110740. II  I03044  49 

17171717 

102077.09 

17137730 

104794.51 

134344.47 

14090070 

*••»!» 

* 

0 

1 

0 

O 

• 

•  0 

0 

0 

0 

0 

0 

0 

IHIII 

0 

• 

0 

0 

o 

0 

•  0 

0 

0 

0 

• 

0 

1 

N*«l«*l 

• 

0 

0 

• 

• 

0 

0  0 

0 

0 

• 

0 

• 

1 

Itplie* 

4  . 

-2710*7 . 7 

-377917.1 

-2*1770  3 

-290929  1 

-2979**.* 

-229490  1 

-1139*0.1  -109044  4 

-1717171 

-102077  • 

-179977  3 

-1*479*  9 

-134944  7 

-1401007 

PARTI  At  VAR 

• 

• 

0 

0 

0 

0 

0  0 

• 

• 

0 

• 

• 

0 

• 

0 

0 

• 

0 

* 

0  0 

0 

0 

• 

• 

0 

0 

1 

33102033 

smti .  it 

I4TTT4 . T J 

99*441  30 

9*9044.7* 

97370304 

*90199  90 

*101)991 

*17009.41 

*9710021 

49072417 

*00017  *9 

t  Itlttlt 

» 

0 

0 

• 

0 

0 

•  0 

0 

0 

t 

• 

0 

0 

1 

• 

0 

0 

• 

• 

0  • 

• 

0 

• 

• 

0 

0 

0 

• 

_  1 

1 

• 

• 

•  • 

0 

• 

• 

• 

* 

0 

0 

• 

• 

• 

0 

0  0 

0 

• 

9 

1 

1 

1 

0 

• 

(/  • 

0 

• 

• 

0  • 

0 

• 

9 

I 

0 

« 

• 

• 

y  t 

0 

t 

• 

0  0 

0 

• 

1 

9 

• 

rntniT  vi 

.  • 

tll4lt.lt 

tJt4ll.IT 

30777072 

114441 .  Jt 

9*9044  74 

97974904 

>93*00.10  971079  79 

*00099  90 

*10129  91 

*17911  41 

427100  23 

410710  17 

100037  *3 

0 

23373700 

210727  70 

212312.30 

ItUTt  tl 

171400  90 

101*4917 

179909  10  100000  19 

1119*0  01 

147113  00 

199140.19 

1 99712 . 01 

119743  91 

117100  13 

t»»nt 

• 

• 

* 

0 

0 

0 

0  0 

• 

• 

• 

I 

0 

lltll 1 

— 

• 

• 

• 

0 

0 

t 

•  • 

0 

»»»»  It 

• 

_  i 

• 

1 

• 

• 

9 

Mllltl 

■oiltct 

PHYSICAL  UNIT  COST 4  19PM)  NCT  HSTU 


1*1*  OolUit 


Ini4 

Ciu 

(tnrti) 

Kit  ST INC 

RITROriT 

• 

• 

0 

• 

• 

• 

t 

• 

1 

1 

0 

• 

• 

1 

*4* 

24120 

1*3*44  44 

114*11.44 

• 

0 

• 

• 

0 

1 

• 

0 

0 

• 

• 

4 

• 

0 

• 

4 

4 

4 

• 

1 

• 

• 

• 

4 

1 

0 

1 

1 

0 

4 

• 

0 

0 

24 1 10 

0 

1*34*4  44 

0 

114*00  44 

2411 

2002 

200) 

2004 

1405 

2044 

VARIANCC 

• 

0 

0 

• 

0 

0 

• 

0 

0 

• 

0 

0 

0 

• 

• 

0 

0 

• 
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0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

4 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

• 
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0 

0 

0 

0 

0 

4 

0 

0 

0 

• 

0 

0 

0 

0 

0 

0 

VARIANCE 

• 

0 

• 

0 

0 

0 

1 

0 

0 

0 

4 

0 

0 

2)77*34*4 

• 
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0 

0 

0 

0 

t 

• 

0 

0 

0 

0 

0 

0 

332290 

0 

0 

0 

0 

0 

1011093* 

• 

0 

0 

0 

0 

• 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

• 

1 

• 

0 

• 

0 

0 

0 

0 

• 

• 

0 

0 

• 

23441*00 

2413130* 

22971317 

. 210*4404 

1*714442 

10424*11 

4  111 

7  004 

7  334 

7  422 

7  0* 

1  ill 

PARTIAL 

2101 

2002 

2013 

1004 

2003 

2444 

VARIANCC 

1  21*3*43 

1 . 213044* 

I .2137300 

1.2104134 

1 . 2000*74 

1.2037141 

9  9422C-4 

2  4310323 

2  9*17124 

2  7993431 

2. *2*5*24 

3  1131415 

3 .3131043 

1 . 3003234 

1  *4147*3 

2 . 0474000 

2  1324341 

2.2434034 

2.3014194 

2.304)044 

0 

1  *243941 

1  *4490*2 

2 .0110113 

2.09*2701 

2.1077143 

2  13743)4 

0 . 0O94C-4 

1  1422377 

1  1403004 

1 . 131347* 

1  .1  344394 

1  1345130 

1  1323*44 

O 

2 . 4341044 

2  1424423 

2.2120110 

2.45*23*1 

2.3444703 

2.4017741 

1 

1  *7*4*20 

2.0444124 

2.1)111)2 

2 . 201 7505 

2.2744341 

2.34*0403 

0 

1 . 4*42204 

1  7342947 

1.7712**3 

1.00*25*1 

I .0401*7* 

1 .0001414 

0 

1  3339347 

1  33*4323 

1 . 3437444 

1 . 351*344 

1  3341420 

1 . 344343* 

0 

t  2444429 

1  244*201 

I  2434133 

1 . 241*047 

1  2403*51 

1 . 2311107 

I4394C-4 

2.0479317 

2  15*723) 

2.27*1173 

1.404174* 

2.3413*34 

2.4032*0* 

• 

I  0*94432 

1  . *247072 

I . *343*31 

1. *041401 

2.01341*1 

2.144033* 

.37*77449 

1  *991411 

2  0102077 

2  1441435 

2. 12)4747 

2  102*047 

2.2411340 

.030**4*4 

1  91034*4 

1.3505735 

1 .5*11741 

1.4)427)0 

1 .4770041 

1 . 7224*30 

2.1022347 

2122)10' 

2.1027343 

3. 14)2741 

2.  1041122 

2.214*404 

.01)4*411 

2  2*01414 

2  40*7422 

2  534*14) 

2.444711* 

2.0134**7 

2.99104*1 

.  7001)74) 

2111 

2012 

311) 

2104 

2103 

2114 

VARIANCE 

1 

• 

• 

• 

• 

• 

• 

• 

• 

1 

$ 

1 

0 

0 

74379444 

7572*9. *4 

74*124. *1 

711*31.92 

7*31)7.44 

•03)2734 

0*7**110 

0 

• 

0 

0 

0 

• 

1 

• 

• 

r 

• 

■* 
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0 
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• 

1 

• 

• 

1 

1 

• 

0 

1 

• 

• 

• 
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• 

• 

• 

0 

1 

0 

PRESENT  VI 

17 

74S794  44 

7572*9. *4 

74*124  *) 

700*30 .52 

7*303744 

009127.14 

IS 

101717. 17 

1124*713 

17)17*. 51 

1447)4.95 

134344.4* 

1 40300 . *0 

»••«»» 

• 

• 

• 

1 

• 

0 

!■•••! 

• 

• 

• 

4 

4 

0 

Noaf »•! 

• 

0 

1 

1 

1 

0 

R«0l««« 

-mil*  i 

>1120*71 

-17197*3 

>1447)4  9 

>134)447 

.144111* 

47SII9A  5 

I 

• 

* 


VARIANCE 

l.tlSSCIt 


•  Iff 

7*  «MIII  SI  4lltlS  .lt  41* 111 .  41 

•  III 

t  1  •  • 

till 
I  I  I  • 

•  •  •  • 

f  #  •  • 

*»  AMISS  SS  41111$  II  Al***l  41 

•  t  t  • 

I  I  I  I 

•  I Iff 41 . SI  1  • 

i  mnn  >1473557  > i hiii  « 


I  ART I AL  VARIANCE 

•  • 

•  • 


41*11$. If  411*11.1*  49012*  45  $ 


issmi 

t 

• 

i 


ill 

•  •  i 

•  •• 

til 

•  •  i 

•  • 

41*111  If  411*11  |* 

1 11*11 . 41  111*41  SI  11*944.15  (Mt|f 

•  •  1  UtMl 

•  1  1  NMlMl 

111  «•*!••• 


3 


•  PRESENT  VALUE 
441119  41 

141*171  4 
St 1 7t|  *7 

• 

11*141  SI 


VARIANCC 

7  *114111 
I  tSMIll 

$ 

I  44*111* 


>1)2*11.4  >125*42  5  >11*544  ) 


IFAM 

MICROCOMPUTER  LCC 
INPUT/OUTPUT 
LEDGER  SHEET 


APPENDIX  B 


M,‘T  . . 


34701724 

1  21 

1  470 

3)07)440 

1  744 

3141*43* 

4  014 

291443*2 

4  2)2 

274101)) 

4  11 

21041*00 

*  Oil 

2411130* 

?  004 

22171)17 

7  314 

9  *22 

19714**2 

7  IV 

10424910 

•  ISO 

19*1 

1**4 

1**7 

1**4 

1*** 

2000 

2001 

2002 

200) 

2004 

2001 

200* 

PARTIAL 

VARIANCE 

i  mm?  i  11*1104  12147441  i  U44171  i  mom  i 

I  .  4*2*011  I  Ifism  1  *110114  l  1)1712)  2  1500*34  1 
t .  4411110  1  111  *0*1  1  401*014  1  414242*  1  747)10?  I 
l  4*00020  1  70*114*  1  74*1*02  I  7*01013  I  012*0*1  1 
1  1119147  1  1119*04  I  1100111  i  1404740  1  1441254  1 
1  1040140  1.1021411  1.4444700  1.71X0774  1  0411000  1 
I  4171441  1.70900*0  t  7420140  1.0107102  1  07472*1  1 
1.1000101  1.1110110  1  1417720  1  1*13515  1  4207711  1 
1  2974*14  1  1011777  1  10*4*01  2  1114549  1  1214441  1 
!  213147*  1  2140424  1  2121107  1  210**4*  1.249474*  1 
1  1010112  1  1002*11  I  4424040  1  74**374  l  041044*  I 
»  7204771  1  7131**1  1  7021412  1  11010*4  1  0101111  1 
1  41*1000  1  7014074  1  7127007  1  1014171  !  0113404  1 
1  2*0001*  1  1241117  1  11*4211  I  3*1130*  1  4130019  1 
1  *092*97  2  0041101  1  0211211  2  042*213  2  0421047  2 
1  4*27712  l  7101144  1  0710401  I  *40122*  2  0714*12  2 


2197321 

2914040 

0111170 

0741441 


1  2171*41 

2  4300323 
1  *4047*1 
1  *203141 


14417*1  I  1422377 
*4411*1  2  0101144 
*149402  1. *9*4*20 
4410110  1.4*02204 
2274724  13111147 
2479100  1  2444425 
*421014  S  0473117 
1441114  1  19144 12 
902*117  1  *110414 
471147*  1  11014*4 
002271*  2 . 102214* 
177*402  2  2*00414 


1  213044*  1. 2127100  1.2)04114  1  2000*74 

2  1*17124  2  7111410  1  *2*1*14  MISU1S 

2  0474000  2  1124141  2  2414014  2  10141*4 

1  *411193  2  0110001  2  01*2701  2  1077041 

1  1402004  1  130147*  I  11443*4  1  1141130 

2  1424422  2  2020110  2  40*2141  2  1444703 

2  04441X4  21110131  22017001  2  2744140 
1  7342949  1.7712*91  1  0091191  1.0401979 

1  12*4121  1  2417440  1  111*344  1  1101420 

1  244*201  1  24)4111  1  141*04*  I  2401930 

2  11*7131  2  27*1171  2  404174*  2  1411*14 

1  *247172  1.9141*11  1  *040401  2  0114190 

2  0102077  2  0440411  2.11)4747  1  1014047 

1  1101711  1.1910741  1  4142720  1  4770041 
2.122)117  1.142714)  114)2744  2.1040122 

2  40*7412  2  114914)  2  44471)9  2  00)4*97 


1  2017041  1  *4221-4 

1  2120041  1  100)2)0 

2  1174210  4  40*41-4 

1  1121*44  0 

1  2200007  1  4S94C-4 


2  0440119  17*77441 

2  24)1)40  .0309*4*4 

1  7224*10  007*7707 

2  204*404  01)4*40) 

2  *1)44*0  74*0)94) 

-  PARTI Al 


1**1 

0 

0 

400141  27 


400141  27 
14)770  11 
0 
0 
0 

-24)770  3 

0 

0 

147*70  73 

0 

0 

547*70  73 
21)112  10 

• 

0 

« 

-21X1123 
«t  iMUl 
1*0* 
70012*. *4 


)*** 

0 

0 

*90*14  *4 

0 


4*0*14  *4 
210121  1) 

0 

0 

0 

-210323  t 


11*441  10 

0 

0 

0 

0 

0 

• 

11*441  10 
201*7*  *2 

0 

0 

• 

-201*7*. * 

1*0* 

042102.19 


19*7 

0 

0 

701111  00 


712104  SO  72)197  71  7)4)00.2?  701710  *0  7)7299.90  7*902*  9) 


7013)1  10 
2371*4  02 

-237344.0 


712104  10  711197  71  714101  17  741714  *4  757299  *4  7*9024  9) 
221414  11  21)944  1!  201044  43  192717. 17  102177.01  17)17*  SO 


-213**0.1  -20)0*44  -1*2717  2  -102197  0  -|7)S7*  5 


1*1044  ** 

0 

0 

0 

0 

0 

0 

1*1044  9* 
1*1400  20 

0 

0 

0 

-1*14013 

1*00 
900070  14 


173703  04  102*40.10  1*1471.9)  4001)1.11  4101)1. 11  41*50141 


171711  04  112**0.10  391479.9)  400)3)  10  420131  31  41*30)0) 

10144327  172300  10  143403  33  133244  02  147315  *4  1)9040.13 

oooooo 

0  0  0  0  0  0 

000  1)734). 31  0  0 

-1)1*41  )  -172300.1  -14)401  )  -2*2010.)  -147)15  7  -13*0401 

1*09  1**0 

*1*211.0*  101742*. 1 


2004 

0 

0 

7009)092 

0 


7009)0  IX 
1407)4.11 
0 
0 
0 

-1*47)4  5 


42910021 

0 

0 

0 

0 

0 

0 

*2*100  21 
1)2723 . *1 
0 
0 
0 

-132723.4 


2001  3004  VAR  1 ANCt 

0  0  0 

0  0  0 

7*30)7  .**  103)2  7  .  )*  0  *74900 

0  0  e 

*91 

•  0  0 

too 
o  o  a 

0  4  PRERENT  VALUE  VAAIANCF 

7910)7  *4  0013X7  )4 

114)44.4*  140100. *0  titrf?  47)04*4  3  1  XlOIEt) 

0  0  IlfMt  #  • 

o  o  o  o 

0  0  Rap laea  0  • 

-114144  7  -M0100  9 

PARTIAL  VARIANCE 
0  0  0 

0  0  0 

*10920.19  *40029  *1  1  0X1700 
0  0  0 

0  0  0  0 

0  0  0  < 

0  0  0  J) 

0  0  0  ^ 

0  0  PRESENT  VALUE  VAR  I ANCt 

*30*20  1*  *40029  *3 

121**2  S3  11*14*  13  Ena  i 9*  142*1*1  4  *  9114E12 

0  0  lava*  t  321714  *7  3  22*400 

0  0  Non tael  0  0 

0  0  Raplaca  137543  11  2  449O0C* 

-121942  1  -11*544  3 

COST  lavaat  undue  4 

RETRO  Intaat  ondiae  110210 

DIFr  1  nvaat  undue  110210 


14  11  I*  17  10  1*  20  21  22  2)  24  21 

-400141)  -4*0414*  -7013)1  0  -71)110  1  -72)1*7.7  -7)4)00.2  -741714.*  -73*2*9*  -74*024.*  -700930.1  -79)017.7  -401)174 

-107970  7  -114441.)  -141041  0  -17)70)  |  -1024401  -191471  9  -113)004.  -4I0DS.)  -*1910). 4  -*37)001  -*109)0  2  -44002*4 

1)2170  14  1)4211  44  1)4100  04  1)13*4  44  1401)7  42  142712.24  -11712)  f  1471*4. *4  14*44)52  111710.20  11410*  40  11*49*. 71 

1170*70  3  40*7*11  )  4177104.0  llOOlU.O  1*50911  *  422*71*  1  *2079)0.)  *0970*0  *  712707*. 4  01712*2.)  00421*7.4  *121140  1 

000000000  000 

-1*1770  1  -2)0)2)  1  -2)71*4  0  -221410  I  -213**01  -30)044  4  -1*27)7.2  -1020*7.0  -17)179.1  -1447)4.1  -114)447  -I40M0  * 

-312)12  1  -201479  9  -191400  I  -101441  )  -172)00.1  -14)40)  3  -292)10  3  -147)1)  7  -13*040  1  -1)2723  4  -121*42  5  -11*144.) 

1121)  011  40*41  200  4*1*1  747  41012  0)9  41100  009  194*1  122  -1000*2  2  31542  111  317)1  )70  32012*31  30102  1*3  200)4  1*1 

190170. 42  41001 S  *1  4*4901  )4  1007*4  20  1)0)74.21  1090)1.1)  419742  17  12)204  24  119011  72  191020.44  *11410  01  410241  40 

ooooooooo  too 
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PAVIACR 


Dt&COUNTEO 

PAYBACK 
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